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1.･Backgro u nd
Altho ughthe reis unc ertainty, global w ming wil be the mo st s erio us proble m fo r u s･
Incre a sing ofc arbo ndioxide(C O2)in the atm o sphe reis o utsta ndingfor thes e se ve ralten
years a nd itis o n eof the cau ses(gree nho lSe ga ses)ofglob alw a ming･ Theglobalw arming
wi llcaus everydr astic e n viro n ment change s, which n eve rhappe n ed befor eonthe earth, and
s erious change s o nthete rr estri alec o system . T herefo re m o nito rlng OfC O 2nu x or c arbo n
b alan ce is o n e of m ostimpo rta nt problem , andits r eality m ust be m ade cle ar u rge ntly.
Ne ce sity of c a rbon balan ce evalu atio n w aspointed outin the s e c o nd m e eting of lnter
-
gove r n m erltal Panel on Clim ate Change (IPC C)in 1990, and C O2e mis sio n co ntr ol w as
dis c u ssed in 也e‾Kyoto C O PSsu mmitinlastDe c e mbe r.
On the other hand, progr e ss of earth obse rvation a nd computer te chn ologylSgOlng tO
impr ov e ac cur a cy of land cov e r m apping spectral1y and spatialy. Al thoughthe global
vegetatio ninde x(GV I)of N OAA A V H R Rdata hasbee n u sedfor glob alstudy, ther e w e r e
s e v e ralpr oble m swi th G V I data du etoitsdata pr o ces sing pro c edur e(Gow ard et･al･ 1993)･
Ho w e v er
,
fin er r e s olutio n mo saicsha sbe e n cr eated byimpr o ved dataproc esslng Pr OCedllr e,
and the pr oblem s withG VI is go lng,tO be r e m o v ed. There ar e s o meinte m ationalplan sfo r
s atellite la u n che s withe arth-obs er v atio n sen s o rs s uch as MO DIS o n E OS･ A M, G LIon
A D EO S-II. Theyha v e m or e ch an nels a nd fine rr e solutionthan A V H R R. It w o uldbepos sible
toimpr ov e global1and c o ve r m aps u slng th05e data. The data w o uld be als ohelpfulfo r
c a rbo n 点u x e stim atio n. The refo r e, itis an urge nt r equirem e nt tO under stand the c arbo n
circ ulatio n m e chanis m a ndpatte m sin glob als c ale u sl ngupdatingte clmology･
Althoughc arbo nbalan c eha sbe en studiedinte n siv elyc o mparing with othe r elem ents such as
nitr oge n,itis n ot v ery cle ar stilln ow . It w as re c ogniz edthat the oce an w as v e ryhuge sink of
CO 2,butcarbo nb alanc ee stim atio n co uldn
'
t tell unknow n sink ofCO2 at that tim e. On the
o也erha nd
,
a r ole ofte mpera土e andbore alfわr estsin the n orthe m he misphe re as C O 2si止 is
bec om i ng Cle ar n o w adays, and theys aythatit m ay abs o rb big am ount ofc arbo n, which c an
co npe n sate the mis slng Sink. As s e e ninthehistory ofcarbon balance study,it m u stbe v e ry
important to ev aluateland ando c e anat the s am etim e.
A Jap an e s e c arbon flux map pingstudy, which is called
'
Study onglob alc arbo ncycle andthe
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rehtedglob alm apping
'
(te ntativ eEnglishtitle),hasbee n orgamiz edspo n so redbytheScie nc e
and Techn olpgyAgen cy of Japa n under su ch ba ckgro unds. It co versboththeterrestrialand
OCe an eCO SyStem S.
21 Outline ofthe study
The la nd part of studyis e xplain ed here aiter･ The study is c ompo s ed of2 pha s e s, the
produ ctivitymap ping phas e and the c arbon nu x m apping phas e. The obje ctiv eis global
m apping ofn etprlmary production PP P) ands om eparam eters, which affect o nN PP, with
satellite re mote se n slngin the 丘rst3-ye a rpha s e･ It wi ll be asicinfo rmatio n abo ut ca rbo n
cycling･ W e willex e cute fieldsu rveysto unde rstand m e chanism ofc arbo n cycling andto
impr o v em ap plng a c cu ra cyin the e a ste rnEu rasia and Oc e amia, where w es ele cted a sintensiv e
te st site s.
2･1 Flow of the study
We take tw o approa che sto e stim ate glob alN PPpatte ms (Fig. 1). T Ler em ay be s o m e
m ethods fo rglobal m applng Of N PP･ Most pr omilng a nd simple m ethodis clas sifying
ter re striale c o sytem indetailand al1o c ate an mitvalu e
,
which w o uld bedete rm inedba s edo n
pastStudy or re sults oftheproje ct, to e ach vegetation types. Itis calleda sbulkm ethod inthis
study andwi ll be utiliz edto kno w r o ughpatte rn s ofN PPdistri bution .
Satellite re血ote s enslng lS V ery effe ctiv efo rla rge area m appl ng and m any v egetation m aps
have be e npr odu c ed･ Adv an c ed m uld-chan n el s atellite data w ouldm ake glob alvegetado n
m ap m ore ac c u rate･ Ho w e v er, spe ctralsimilarityofdif3er e=tvegetatio ntypes and v ariation of
phenological-s epctralpatte m syearby year wi llc au s einc o n site n cy ln Clas si丘c ati.n results.
An dthis m ethodc annotshow effe cts ofclim ate change s on N P P.
Du eto s u chpr oble ms, w eals o study apr ecis e methodba s ed on pr o c ess studies ofc arbo nflu x
in difererlt m ajo rVegetatio n･ Contin u o us m ea sur e ments of c arbo n丑ux willbe ex e cutedto
under standthepro cess, and m e a su re m e nt m ethods willbeimpr ov ed and syste matiz ed. On eof
Prlm ary Objectiv eis to de v elop any pr o c e ss m odels, which us e s atellite data dire ctly or
indirectly･ Vegetatio n change sw o uld be m onitored bys atellitedata, effects ofe nviro n meIltal
cha nge swi llbe m o nito r edby proces srnodels･ A lthoughbasic m odelsha v ebee nprodu ced,it
w o uldbe ahardtasktoimprove m odels.
2.2 Produ ctio n andCa rbo nFlu x
Gree nplants & CO 2in the airbyphotosynthe sisto theirbody' a nde mitCO2 by re spir atio n.
CO 2is als o r ele a sed 丘o m soils a sthe re s ult of r espiratio n by r o ots and bacte ria (s oil
re spiration)･ Total photosynthesis is caled gros
.
s prim ary produ ction (G PP) and plants
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c ons um etheprodu ction fo r re spiration(P R)･ Differ e n ce of GP Pand P R is c aued netprim a ry
productio n即PP･)･ N P Psho w s uptake ofC O2 by pla nts, anditcanbe m eas u redasfolo w s.
N P P- △ W ＋ L (1)
whe reA W isbio m a s sgr o wthofpla nts andLislittersfr o mplantsto soilin aye ar.
Onthe othe rh and, itis n e c e s s arytotake into acc o u nt ofs oilrespiration(SR)tokJ10 WCO2
丑u x and itis sho wn a sfolo w s.
N E P- N P I SR (2)
NE P is calledn et e c o syste mpr oductivity, and itsho w sC O2flux(Oika w a, 1991). Therefor eit
is ve ry I mportant tO e Stim ate the am o umt ofCO 2uptake by pla nts and relea s eby s oilto
e stim ate CO2 壬Iu xin thete rrestriale c o syte ms.
W e cla ssifl e Sterre Strial vegetatio nirltO 3 m a)or groups as follo w s. Terr e strial vegetatio n
w oul dbe clas sified into 2typesbyits stru ctu re, tre es and he rbs. He rbs w o uld be cla ssi丘ed
intotw o types, n atu ral he rbs a nd agricultur alc r opsbydiffere nce of hu m aninte r a ction . The
biggestdiffer enc ebetw e en tre e s and herbsis that tr ees ha v e w o ody pa rts, whicha r elargein
v olu m e andR o n- assimihtory･ Tree sand m any ofnatu ralhe rbs ar epe r e mialpl弧tS, and they
startgrowingdr a stic ally u sing n utrientin their r o otsin e arlyspn ngliltemperate andboreal
zo n e s･ On the otherhand, m a ny ofcr ops are replanteda nd ha rvestedyea rby ye arbyhu m an.
T hus tho s e w o血d c au s ebig differ e n ces in the pro ces s of c arbo n cycling. T herefo re w e
separ ate terr estrial ec o syste msiI加 for e st, n atu r al herbs(grasslands a nd w etlands)and c rops
(Fig･ 2).
Itis pointed out that clas si秒ing vegetatio ninto s a n efunctio naltype sis fa v o r able fo r
e co syste m m odeling(Gitay andNoble, 199 7). Such clas si丘c ation u sing satellitedata w ould
be ne cess a ry,how ev e rw ehav eto r e mind that cla sificatio n, whichba s edon productio ntype s,
w o uldbe v e ry diffic ultby satellite data alo ne. Co mbinatio n ofs atellite and e nviro n m e ntal
info rm ation w oul dbe n ec es s arytoderivebetter v egetationty pem aps･
2.3Clas sifica:lio n ofv egetatio n
Gro undtruthcoue ctio nis one ofha rdtask fo rglobalcla s siflC atioI1. Vegetatio ntype maps a re
ne cessa ry, bute ach m ap w ould beprodu c ed bydiffere nt classiflC ation syste m . T her e m aybe
inc oruistency of c ategories am o ng m aps, a nd then highres olutio n s atellite im age ry wiu
be c o m e animportantgro undtruth data.
Aspointedo utwidely,theidea ofs c alingup w?uldbeimpo rtant(Ehleringe rand Field,1993)A
Sin ce Landsat T M cove rsimpo rta nt spe ctral cha 皿 els, its dala co uld be us edto produ ce
sim ulation data oflo w resolutio n im age ry of adv an ced sen s or s･ If itis s o, any analysIS
m ethodologyfor T M data c oul dbe appliedtolow resolutio ndata. W e w ould e mploy2 le v el
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c ategorie s inthe global v egetation cla ssifl C ation (Fig. 3). T he le v el 1c ategories m ay be
cla s sifled u singlo w -r es olution sa.tellitedata alo n e, andide a ofs c aling･ up w oul d be utilized
ther e.
Altho ughsatellite datais effe ctiv eforlarge ar ea classificatio n, it w o uld be very diffic ult to
clas sifyv egetation type sin detail. Since e ach plant gr o w sin its ide al en vir on me nt, and
e n viron m entalinfわr m ation willbe ma ndato ryf♭rle v el 2classi丘catio n.
2･4Linkage ofsatelliteda:ta andpro c es s
Optical s atelite se n so rs m e asure r eflectanc e fro m the gro und and their data include
info rm atio n abo utplantbiologicalstatu s, whichha s clo s er elatio nship withphoto synthe sis or
productivity. Thus satellite data may be ve ry effe ctive fo rN PPestim ation. It hasbe en
r ecogniz ed thatthe reis a n e a rline ar relatio nshipbetw e e ns u m ofthe no r maliz ed v egetatio n
index(N D V I) andprodu ctivity ofdifferente c o syte m sin the contin e ntals cale.
N D V Iis v e ry w ellstudied, alld it w asdem o n straled thatN D VI hadalin e a relation ship with
fA P A Rand c urviline ar rela･tion ship wi th L AI. ltho ughn any e cole'gical m odels us eL A Ito
de s cribe produ ction, thisfa ct sho w sdis adv antage ofutiliz ng s atellite da:ta to estim ate L AI.
On the otherhand
, s un ny and shadelea ve sha v edifferentphoto syrIthetic c apa city, L AIm ay
n otbe a s uitableparam ete rforpr odu ction m odeling･ There wo uld be any po sibilityto utiliz e
fA P A Ras a n l nPtltPa r am eterinpr odu ctio n m odels.
Itisimpo ssibleto measu r esoils underde ns e v egetatio n c an opydire cto rybyre mote s e n slng･
ther efo r eitis nec e saryto kn ow the relationshipsbetw ee ns oilr e splratio n ande nviro n m e ntal
factor sin globalscale s･ Ev en s oilc a -ot･be obser v ed, de c o mpo sition speeds oflea v es a re
r elating with n ot o nly clim ate but also le afm ateri als, v egetatio ntypes ar e ve ryimpo rtant
in fo rm atio nfor soilre spira:tion study.
W e s ele cted atle a st on em ea s ure me nt siteforthe3 m ajor e C O SySte m StO m eas ur e reneCt an C e
spe ctr a a ndbiologicalpa ra m eter s, whichrehtlng wi thpr oduction, r e spir ation and c a rbon nux
(Fig･ 4). Various par ameters, which r ehte on pr odu ctio n and re spir ation, willbe m e as u r ed.
Rehtionshipsbetween seas o nalv ariatio n ofr ene ctanc e spe ctra andpr odu ctivityare o n eof
hter est to tlS eS atellitedatafo rpr ocess m odels.
2･5 Pr oces s study
So m eproce s s m odelsde s cribe c arbo nflux a s m ove me nts ofcarbo nbetw e en c o mpartm e nts ･
Ther ea r es o m e methodsto m ea s u r etotalc arbo nflux and m o v em e nt ofc arbon betw ee n
co mpartm ents as sho wn in Fig1 5･ Each m ethodha sits own adv antage s anddis adv antage s,
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andthey m ay giv ediffe r e nt o utputs. Thusitis ve ry Impo rtant tOimpro ve m ethods andto
system atize co m mu nityle v el m e as ure m entsfor acc urate me asurem ents･ On the other ha nd,
sin ce biologic alpr o ces sis co ntrolled by environm e nt, e nvir o nm e ntal effects o n cart)o nflu x
m ustbe an alyzedin n ot only c ompa rtm e ntlevelbut also c o m munltylevel. Me a s u r ed且u x
betwee n c o mpartm e nts wi ll be･u s ed a s a ba sic info rm ation to understand
･
pr ocess andto
improvepro c e s s m odelsI T ho s e mea s ure me nts a rebasicsfo rm odeling･
2.6 Glob alm applng
De v eloped algoritlms willbe modified andc o mb inedforglobalm applng OfN P Pand carbo n
凸u x at the e nd ofthefirst3-ye arand se cond2-yea rte rm re spe ctively. As desc ribed befo r e,
甲e ha ve sele ctedtw o approa chesforN PPm apping, a ndthebulkm ethod is m u chpr o mising
to deriv ea ny r esults, al thoughthe reis ha rdlimitation fo rimprov lng acc u r acy. The pr e cise
m ethod is m u chfa v or able du etoits ne xibility and reality descrlptio n･ Ho w ev e r, the r ea re
m any problem stobe s olvedbefo re a[pplyingthe pre cise m ethod intheglob alscale･
Key po lntSfor the m applngare S u m m ariz ed asfollo w s.
Rem oteSe n sl ng:
1)Rea so nable cla si五c atio nbyfunctio naltypes ofproduction.
2)Estim atio n ofphoto syntheticpar am eters.
P A R
,
lightu s e effic e ncy, L A Ietc.
pro c e s s:
1)Dete r minatio nfor unitv ahe sfo rthebulk m ethod.
2) Establishm ent of syste m a土ic m e astlre ment m ethods espe cially for fo re st
C O mm un lty1
3)Analysis orr elatio n shipbetw e e npar a m ete rs･
4)Impr o v e m e nta ndsimpli丘catio n ofm odels.
To m ake utili2.e r e m ote S e n singdata s u c c e ssful,ba sic co rre ctio n s s uch asgeo m etric co rrectio n
and atm o spheric c o rr e ctio n are very Impo rtant. Altho ughthe fo r mer will be stlldy and
impr o v eco rrectio n m ethodinthispr oject, thelatteris o utofs c ope at the m o me nt.
Finaly, the re sults will be m erged with the oc ean group res ult to m ake cle a rglobalcarbon
nu x. T he m ap willbeproduced wi th 8 km re s olution.
2.7 Fra m e
Tenin stitution sarein volvedinthela ndgro up ofthisproje ct. Roles ofthosein stitutio n s are
brieflysu m mariz edin Fig. 6. This study has cooperatio nwithIG B P D ISand T E M A. M o st
institutes ha v e any inte m ational co operativ ein stitution in C hin a, M ongolia, Ko re aand
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Au stral ia. The r eis a nintem ational flu x netw o rk to e x change info rmatio n, and w e a r e
plaJ m ngtO C O ntribute o nit･
3. Co n clu sion
Asdescribedabo v e
,
current te clmologicalimpr ov e meⅡts m akeglobalanalysispo s sible. There
are m any a ctivities to u nderstandglobal e c o syste m u sing adv anc edte血n ologle S･ Ho w e v e r,
w e stilneedsgr o und m e as ure m ents o verthe w orld fo r validatio n ofstudy･ Itis v eryhardta sk
for each re s e a rch gr o up to deriv e gr ound data in v ario u spla c e s･ Thu sinte m alio n al
c o oper atio nis alr eady m andato ryln globalstudie sI
Global w 血 皿 1ng Ca u ses dr astic e nvir o n me nt change s, which n e verhap pen edin the e arth
histo ry. The h um an s o eiety ne eds variou s effo rts to pr e v ent glob alw a rming to ke ep
sustainable de velopm ent. It w oul d be o u rdutyto obse rv e a ndre cord c u rr e nt e arthfo rthe
future.
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